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Preservatives are widely used substances that are commonly added to various cosmetic and pharmaceutical
products to prevent or inhibit microbial growth. In this study, we compared the in vitro cytotoxicity of
different types of currently used preservatives, including methylparaben, imidazolidinyl urea (IMU), and
sodium benzoate, using the human newborn fibroblast cell line CCD1072Sk. Of the tested preservatives,
only IMU induced a reduction in cell viability, as shown using the MTT assay and propidium iodide
staining (IMU>methylparaben>sodium benzoate). IMU was shown to promote homeostatic alterations
potentially related to the initiation of programed cell death, such as decreased mitochondrial membrane
potential and caspase-3 activation, in the treated cells. Methylparaben and sodium benzoate were shown
to have a very low cytotoxic activity. Taken together, our results suggest that IMU induces programed
cell death in human fibroblasts by a canonical intrinsic pathway via mitochondrial perturbation and

subsequent release of proapoptotic factors.
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INTRODUCTION

Preservatives are chemical substances that inhibit
the overgrowth of microorganisms to maintain the stability
of a product (Brasil, 2001) and increase its shelf life
(Rebello, 2005). Cosmetic industry primarily benefits
from this because cosmetic products must be safe for the
users owing to their topical application and extensive
contact with the skin (Orton, Wilkinson, 2004). Inhibition
of microbial contamination ensures that a pharmaceutical
formulation maintains its physical and chemical properties
as well (Gongalves, 2010). In Brazil, sanitary regulations,
RDC n.29/2012 lists, permit preservatives such as
parabens, sodium benzoate (SB), and imidazolidinyl urea
(IMU).

Methylparaben (MP) is a preservative often used in
cosmetic, pharmaceutical, and food products because of
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its microbicidal, bacteriostatic, and fungistatic activities
(Ozaki et al., 2012; Rowe, Sheskey, Quinn, 2009). During
the last decade, parabens have fallen into discredit, perhaps
due to some cases of dermatitis or endocrine disruptive
mechanisms, showing their estrogenic actions, including
increased breast cancer cell proliferation that could be
inhibited by the application of an antiestrogenic compound
(Castelain, Castelain, 2012; Mowad, 2000; Bordel-Gomez,
Miranda-Romero, Castrodeza-Sanz, 2010; Okubo, 2001;
Byford et al., 2002). This prompted cosmetic laboratories
to modify the spectrum of preservatives in use (Thyssen
etal.,2010).

However, according to Soni, Carabin, and Burdock
(2005), the possible estrogenic hazard of parabens,
based on the results of previous studies, is equivocal,
and the metabolism and elimination rates of parabens,
which are dose, route, and species dependent, are not
considered. Developmental toxicity studies in several
species, using MP, showed no teratological effects.
Despite the controversial endocrine system-disrupting
activity of MP and ethylparaben, food, pharmaceutical,
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and cosmetic industries are under pressure due to the
negative public opinion and are responding by replacing
parabens with other biocides that cause multiple cases of
allergic contact sensitization, which at times even reach
worldwide epidemic proportions (Sasseville, Alfalah,
Lacroix, 2015).

Formaldehyde releasers are widely used as
preservatives, particularly in cosmetic products, replacing
free formaldehyde that can strongly sensitize the skin
(Latorre et al., 2011). The main molecules of this group are
quaternium-15, IMU, diazolidinyl urea, DMDM hydantoin
(dimethylhydantoin), and Bronopol (Statham et al.,
2010). These substances can slowly release formaldehyde
such that its concentration in the product is very low but
sufficiently high to inhibit the overgrowth of microbes
(Kireche, Gimenez-Arnau, Lepoittevin, 2010). A study
conducted by Groot and Veenstra (2010) indicated that
IMU is the most used formaldehyde releaser in the USA
and Europe. However, this substance is known to induce
allergic contact dermatitis (Bordel-Gomez, Miranda-
Romero, Castrodeza-Sanz, 2010; Groot, Veenstra, 2010;
Garcia-Gavin et al. 2010).

SB, a sodium salt of benzoic acid, is used as an
antimicrobial preservative that exhibits antifungal activity
attributed to the non-dissociated benzoic acid (Rowe,
Sheskey, Quinn 2009). As a part of pharmaceutical
formulations, preservatives are topically applied to the
human skin; thus, the study of the possible mechanisms
of actions and health risks that the preservatives may
pose to the population is important to substantiate the
knowledge about these compounds. The present study
aimed to evaluate the cytotoxicity of different types
of preservatives using a newborn fibroblast cell line,
CCD1072Sk (Figure 1).
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FIGURE 1 - Chemical structures of studied compounds.
(A) Imidazolidinyl urea, (B) methylparaben, and (C) sodium
benzoate. Source, PubChem (2005a,b,c¢).
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MATERIAL AND METHODS

Chemicals and preservatives

The preservatives MP, IMU, and SB were
generously provided by Labsynth Ltda. (Diadema,
Brazil). Working concentrations were determined
according to the recommendations of the European
Commission of Health and Food Safety. In addition
to the concentrations within the safety guidelines,
concentrations 10-fold higher and lower than the safety
threshold were used. Therefore, cells were treated with
each preservative at the concentrations of 0.01%, 0.1%,
and 1% (weight/volume) (European Comission, 2011;
Heydaryinia, Veissi, Sadadi, 2011).

The Annexin V/fluorescein isothiocyanate (FITC)
Apoptosis Detection Kit was acquired from BD Pharmigen
(CA, USA). Iscove’s modified Dulbecco’s medium
(IMDM) and all cell culture reagents were bought from
Gibco (USA). Anti-cleaved caspase-3 (Aspl75) primary
and Alexa Fluor 488-conjugated secondary antibodies
were from Cell Signaling Technology (MA, USA).
Carbonyl cyanide p-(trifluoromethoxy)phenylhydrazone
(FCCP) was purchased from Sigma Chemical Co. (St.
Louis, MO, USA). Tetramethylrhodamine ethyl ester
(TMRE), Fura-2AM, and 2,7-dichlorodihydrofluorescein
diacetate (DCFH-DA) were purchased from Molecular
Probes (Eugene, OR, USA).

CCD1072Sk cell cultures

The CCD1072Sk cell line was obtained from Rio
de Janeiro Cell Bank (CCD1072Sk - ATCC CRL2088).
This cell line was selected because of the ease of
acquisition, handling, and its stability even after many
passages. Furthermore, fibroblasts (human or murine)
are widely used for the evaluation of the cytotoxicity
induced by the components of cosmetic formulations,
which allows the comparison between our results and
the existing data (Jin et al., 2008; Urcan et al., 2010;
Tomankova et al., 2011).

The cells were cultured in a monolayer using IMDM
(Gibco) supplemented with 10% fetal bovine serum (FBS),
100 U/mL penicillin/streptomycin, and 0.25 pg/mL
Fungizone (Gibco) in a humidified atmosphere at 37 °C
in 5% CO,. These cells were trypsinized three times per
week using 0.25% trypsin/EDTA (Cultilab, Brazil). For the
24-hour cell viability assessment, the control and treated
cells were centrifuged and resuspended in equal parts
medium and trypan blue (0.05% solution) and counted
using a hemocytometer.

Braz. J. Pharm. Sci. 2018;54(1):e00031
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Evaluation of cytotoxicity using MTT

Cell viability was measured using the standard
methylthiazol tetrazolium (MTT) assay, as previously
described by Mosmmann (1983). In brief, 5 x 10* viable
cells were seeded in clear 96-well flat-bottom plates
(Corning, USA) using IMDM supplemented with 10%
FBS and incubated with different concentrations of the
preservatives for 24 hours. Afterward, 10 pL of MTT was
added to each well (5 mg/mL/well) and incubated for 4
hours. Following the incubation, 150 pL of 10% sodium
dodecyl sulfate solution in MiliQ H,O was added to each
well and incubated overnight at 37°C to solubilize the
formazan crystals. The absorbance was measured at 595
nm using a FlexStation 3 Multi-Mode Benchtop Reader
(Molecular Devices, Sunnyvale, CA, USA).

Evaluation of cell cycle effects using propidium
iodide staining

For cell cycle analysis, 5 x 10° CCD1072Sk cells
were seeded in 6-well plates and incubated with different
concentrations of the preservatives for 24 hours. These
cells were then harvested, washed with phosphate-buffered
saline (PBS), and fixed in 50% ice-cold ethanol for 30
minutes. The fixed cells were resuspended in RNase/PBS
solution (20 ug/mL) for 30 minutes, after which propidium
iodide (PI) was added to each sample at a concentration of
50 ug/mL. Following this, 10° events were analyzed using
a BD FACSCalibur Flow Cytometry System (Becton-
Dickinson, Mountain View, CA, USA). Data was acquired
using the CellQuest software (Becton-Dickinson), and the
results were analyzed using the FlowJo software (Tree
Star, Oregon, USA).

Cell death analysis by flow cytometry using
Annexin V-FITC/PI staining

CCD1072Sk cells treated with different
concentrations of the preservatives for 24 hours were
stained with FITC-conjugated Annexin V and PI
according to the manufacturer’s instructions (Annexin
V/FITC Apoptosis Detection Kit, BD Pharmingen,
CA, USA). The populations of Annexin V7/PI" (viable
cells), Annexin V/PI” (indicative of apoptosis), Annexin
V7/PI" (indicative of necrosis), and Annexin V*/PI*
(indicative of necroptosis) cells were evaluated by flow
cytometry using a BD FACSCalibur flow cytometer.
Data was acquired using the CellQuest software, and
the results were analyzed using the FlowJo software
(Tree Star).
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Determination of the mitochondrial membrane
potential (A¥m) using flow cytometric analysis.

The mitochondrial membrane potential (A¥m) was
measured in the treated CCD1072Sk cells using flow
cytometric analysis. These cells were collected in FACS
tubes (BD Biosciences Discovery Labware, MA, USA)
and stained with TMRE (50 nM) for 20 min. Following
this, 10° events were analyzed using a BD FACSCalibur
flow cytometer. Data was acquired using the CellQuest
software. Log scale fluorescence histograms were
analyzed for the median relative fluorescent unit (RFU)
intensity using the FlowJo software.

Cleaved caspase-3 levels in the treated cells

Caspase-3 activation was evaluated in CCD1072Sk
cells treated with the investigated preservatives for 24
hours using the flow cytometric analysis of endogenous
levels of the caspase-3 large fragment (17/19 kDa)
according to the manufacturer’s instructions (Cell
Signaling Technology). These cells were stained with
anti-cleaved caspase-3 (Asp175) primary and Alexa Fluor
488-conjugated secondary antibodies for 1 hour in the
dark. Following this, 10° events were analyzed using a BD
FACSCalibur flow cytometer. Data was acquired using the
CellQuest software, and the results were analyzed using
FlowlJo software.

Statistical analysis

The obtained results were expressed as the mean
+ standard error of mean (SEM) from at least three
independent experiments, unless stated otherwise. Paired
data was evaluated by Student’s #-test. One-way analysis
of variance (ANOVA) was used for multiple comparisons.
A p value of <0.05 was considered significant.

RESULTS AND DISCUSSION

Preservatives are biocidal chemicals added to
cosmetic products, topical medications, and other
pharmaceuticals to protect them against microbial spoilage
and to protect the users against infection (Sasseville,
2004). The results of the present study show that only
IMU exhibited cytotoxic activity against the investigated
fibroblasts. According to the results presented in Figure 2A,
IMU significantly reduced cell viability at a concentration
of 1%, as shown using the MTT assay, which shows the
activity of succinate dehydrogenase and the reduction rate
of the tetrazolium salt into insoluble formazan crystals
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(Mosmann, 1983). Subsequent testing was performed
using the same concentration of all preservatives to
confirm their activities on different cellular pathways.

PI staining is used to label DNA in the investigated
cells, allowing the observation of cell cycle phases as
well as the fraction of hypodiploid cells belonging to the
sub-G1 phase. This fraction comprises dead or dying cells
in which the DNA content is diminished possibly due
to DNA fragmentation, a classical feature of apoptosis

Hinsberger, V. M. S. Antunes, L. F. G. Michelin, C. Bincoletto, C. R. Oliveira

(Riccardi, Nicoletti, 2006). According to Shu et al. (2002),
exposure to ionizing radiation, chemical product treatment,
and oxidative stress represent the possible causes leading
to cellular stagnation in the sub-G1 phase. IMU (1%)
treatment led to a significant increase in the percentage of
cells in the sub-G1 phase, indicating cell death (Figure 2B
and 2C). The observed higher levels of cell death
determined here in contrast to those determined using
the MTT assay are due to the PI staining of the genetic
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FIGURE 2 - (A) CCD1072Sk cell viability and cell death analyses following the exposure to preservatives. Cells were treated
with imidazolidinyl urea (A), methylparaben (B), and sodium benzoate (C) at the concentrations of 0.01%, 0.1%, and 1.0% for
24 h. (B and C) Percentage of the treated cells in the sub-G1 phase and related histograms. (D) Representative histograms of the
treated CCD1072Sk cells labeled simultaneously with Annexin V-FITC and PI and the results of quantification. *p < 0.05, **p
<0.01, and ***p < 0.001 compared with the untreated control (one-way analysis of variance/Tukey test). Results were analyzed

using FlowJo v.10.0 and GraphPad Prism 5 software.
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material of the treated cells rather than the assessment of
the mitochondrial enzyme functions (Riccardi, Nicoletti,
2006; Mosmann, 1983; Vermes et al., 1995).

To determine the cell death type induced by
preservatives, we used the Annexin V-FITC/PI double
staining test. A significant increase in Annexin V*/PI*
and Annexin V*/PI™ cellular fractions, of about 15%
and 10%, respectively, was observed in samples treated
with IMU compared with that observed in the untreated
group (Figure 2D). These results indicate that IMU
induces programmed cell death in CCD1072Sk cells. In
contrast, cells treated with MP and SB did not undergo
the externalization of phosphatidylserine, a marker of
apoptosis. Finally, the investigated preservatives did
not induce a significant increase in the Annexin V7/PI*
population, which is a fraction of cells with permeabilized
membranes, suggesting the induction of necrotic cell death
(Nikoletopoulou et al., 2013).

Considering the cytotoxicity of IMU and the
induction of different cell death pathways, previous studies
have described that this compound induces apoptosis.
Anselmi ef al. (2002) reported the induction of apoptosis
and necrosis in human promyelocytic leukemia HL60
cells by four preservatives, including IMU. IMU at low
concentrations (0.01% and 0.1%) led to a significant
reduction in the viability of HL60 cells, together with an
increase in the apoptosis marker levels. However, at higher
concentrations (0.5%—1%), necrosis was detected as the
predominant cell death type.

Mitochondria are involved in the processes of
cell survival, development, and death due to many
intracellular signaling pathways contributing to ATP
synthesis, calcium homeostasis, reactive oxygen
species (ROS) production, and others (Tait, Green,
2010). Dewson and Kluck (2009) described that the
receptor binding of extracellular death ligands induces
the oligomerization of proapoptotic BH3-only proteins
(Bax, Bak) in the cytosol with the subsequent formation
of a pore in the mitochondrial outer membrane.
Mitochondrial outer membrane permeabilization results
in the release of apoptosis-inducing intermembrane
proteins (e.g., cytochrome ¢, SMAC/DIABLO, and AIF)
into the cytosol and ultimately leads to apoptosis. (Aym)
is directly linked to the integrity of the mitochondrial
membrane and transition pore opening, leading to the
loss of potential and water influx into the mitochondrial
matrix, which further results in the loss of mitochondrial
function (Gottlieb, Vander Heiden, Thompson, 2000).
In many cell types, this process is crucial for apoptosis
initiation (Ferri, Kroemer, 2001; Fulda, Debatin,
2006). Therefore, Aym determination allows the
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indirect evaluation of mitochondrial integrity, thereby
contributing to the initiation and perpetuation of cell
death.

To detect the role of mitochondria in preservative-
induced cell death, CCD1072Sk cells were treated with
1% preservative concentrations for 6 h, and Aym was
assayed by determining the TMRE incorporation. TMRE
is a lipophilic cationic dye that readily accumulates inside
the active mitochondria; however, it is not sequestered
by depolarized mitochondria (Scaduto Jr., Grotyohann,
1999; Alirol, Martinou, 2006). FCCP, a strong ionophore
uncoupler of oxidative phosphorylation, was used as a
positive control of mitochondrial depolarization. FCCP
interrupts ATP synthesis by transporting protons across
the internal mitochondrial membrane, resulting in the
complete dissipation of mitochondrial membrane potential
(Zablockaite et al., 2007). Our results demonstrated that
the 6-h IMU treatment leads to a significant reduction of
Awym, indicating the involvement of the mitochondrial cell
death pathway (Figure 3A and 3B).

Activation of caspases is a hallmark of apoptosis.
Caspase-3 is one of the main caspases believed to be a
key enzyme in programed cell death processes (Cohen,
1997; Olsson, Zhivotovsky, 2011; Mcilwain, Berger, Mak,
2013). Here, previous results indicated that caspase-3
is most likely activated in response to the release of
mitochondrial intermembrane space proteins. To confirm
this, CCD1072Sk cells were treated with the preservatives
at the concentrations of 1% for 24 h, and anti-cleaved
caspase-3 antibodies were used for the detection of
this protein. IMU significantly activated caspase-3 in
comparison with other preservatives (Figure 3C and 3D),
indicating that fibroblasts undergo caspase-dependent cell
death following this treatment, most likely induced by the
activation of mitochondrial pathway.

In agreement with our results, Yadav et al. (2016)
showed previously that SB is not cytotoxic on splenocytes
at concentrations of up to 1 mg/mL. However, Park et al.
(2011), using rat cortical neuron cell primary cultures,
reported that the viability of these cells decreases
following the preservative treatment. Furthermore, as
a hydroxyl scavenger, SB was shown to decrease drug
cytotoxicity in a manner similar to hydroxyureain L5178Y
leukemia cells (Przybyszewski, Kope¢-Szlezak, Malec,
1987), partly explaining the lack of apoptotic marker
activation by SB in our study.

Finally, we showed that MP did not demonstrate
cytotoxicity against the studied cells. These results
are supported by the results described by Smith and
Alexander (2005) who studied relative cytotoxicity
of preservative systems, including the isothiazolinone
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FIGURE 3 — (A) Representative histograms and (B) the respective bar plots showing the loss of A¥m in CCD1072Sk cells treated
for 6 h with 1% preservatives: imidazolidinyl urea (A), methylparaben (B), and sodium benzoate (C). FCCP was used as positive
control. **p <0.01 and ***p <0.001 compared with the untreated control group (one-way analysis of variance/Tukey test). (C)
Percentage of caspase-3 activation and (D) representative histograms of CCD1072Sk cells treated with the same preservatives.
**p <0.01 compared with the untreated control (one-way analysis of variance/Tukey test).

family (a formaldehyde donor), parabens, and mixtures
of organic acids against BALB/C mouse fibroblast
cells after 1 hour of exposure. Parabens were shown
to have lower cytotoxicity on these cells than the other
preservatives tested. Other studies confirmed the low
toxicity of parabens as well, including that of Soni,
Carabin, and Burdock (2005) who showed that methyl and
propylparaben at the concentrations of 0.25% and 0.05%,
respectively, did not induce hemolysis in human and rabbit
erythrocytes. In contrast, Carvalho et al. (2012) evaluated
the potential of some preservatives for the induction of
apoptosis, necrosis, and genotoxicity against HDF cells
(human fibroblasts) following the 24hours of exposure.
Their results showed that methyl and propylparaben have
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increased genotoxic potential. These results differ from the
results reported in this study most likely because of the use
of different cell lines, reagents, methodologies, exposure
times, and concentrations of preservatives.

CONCLUSION

Cytotoxicity and safety assessment of preservatives
frequently used in pharmaceutical products are important
parameters that need to be evaluated because they can
help elucidate the mechanisms of action of products that
are regularly consumed by a wide population of users. In
this study, we showed that IMU has cytotoxic effects on
human fibroblasts. Moreover, IMU treatment of human
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fibroblasts was shown to result in an increased cell death
level, a significant increase in DNA fragmentation,
externalization of phosphatidylserine, and activation of
caspase-3. Furthermore, the significant depolarization
of mitochondria induced by IMU suggests that the main
stimulus for the initiation of programmed cell death is
the release of mitochondrial proteins into the cytosol
following outer membrane permeabilization. MP and SB
did not show cytotoxicity on human fibroblasts under
the conditions used here. Our data indicate that human
fibroblasts are more resistant to the exposure to MP and
SB in comparison with that to IMU under the same test
conditions.
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